The ABC transporter ABCG1 regulates intracellular cholesterol. We showed previously that ABCG1 deficiency inhibits insulin secretion by pancreatic beta cells and, based on its immunolocalization to insulin granules, proposed its essential role in forming cholesterolenriched granule membranes. While we confirm elsewhere that ABCG1, alongside ABCA1 and oxysterol binding protein OSBP, supports insulin granule formation, the aim here is to update our localization and to provide added insight regarding ABCG1's trafficking and sites of function. We show that stably expressed GFP-tagged ABCG1 closely mimics the distribution of endogenous ABCG1 in pancreatic INS1 cells and accumulates in the trans-Golgi network (TGN), endosomal recycling compartment (ERC) and on the cell surface but not on insulin granules, early or late endosomes. Notably, ABCG1 is short-lived, and proteasomal and lysosomal inhibitors both decrease its degradation. Following blockade of protein synthesis, GFP-ABCG1 first disappears from the ER and TGN and later from the ERC and plasma membrane. Beyond aiding granule formation, our findings raise the prospect that ABCG1 may act beyond the TGN to regulate activities involving the endocytic pathway, especially as the amount of transferrin receptor is increased in ABCG1-deficient cells. Thus, ABCG1 may function at multiple intracellular sites and the plasma membrane as a roving sensor and modulator of cholesterol distribution and membrane trafficking. Running Title: Distribution and itinerant roles of ABCG1 1 Introduction 2 3
derived from GFP-G1 cells alone (unmixed) and a mixed PNS containing 1 part of GFP-G1 PNS significantly accumulated perinuclearly where the signal appeared patterned but not tightly concentrated; occasional brighter puncta were visible at the pattern margins (Fig 2A) .
intensely stained mature insulin granules that were present as multiple puncta mainly at the cell 154 periphery. However, there was substantial overlap of GFP with the more diffuse perinuclear 155 insulin staining, suggesting accumulation of ABCG1 at the TGN where insulin granule formation 156 begins. Comparisons of GFP-G1 specifically to proinsulin (which is concentrated in the TGN Substantial overlap of GFP-G1 and exhibiting a similar pattern of distribution as transferrin Because various endocytic compartments substantially accumulate in the perinuclear 181 region and have been identified as sites where ABCG1 resides in other cell types [21, 24, 28] , we 182 compared the distribution of GFP-G1 to EEA1, an early endosomal marker; NPC1, a marker for 183 late endosomes and lysosomes; and transferrin receptor (TfR), a marker for the endosomal 184 recycling compartment (ERC). GFP fluorescence was minimally colocalized with EEA1 ( Fig 2E) 185 and NPC1 ( Fig 2F) and also did not colocalize with the lysosomal membrane protein LIMP2 186 (unpublished data). However, in the case of TfR staining, GFP-G1 signal overlapped quite well 187 ( Fig 2G) , similar to what we observed with proinsulin and Golgin 97. While the diffuse GFP 188 fluorescence clearly extended beyond the more concentrated TfR staining, there were some 189 focal regions of co-concentration (intense yellow in the merged image). Also, low levels of GFP-
190
G1 can be seen at the plasma membrane as well as diffusely distributed in the cytoplasm, the 191 latter consistent with detectable presence in the ER (e.g., Fig 2G) . Plasma membrane staining 192 is consistent with our previous measurements using cell surface biotinylation showing that 193~13% of total endogenous ABCG1 is exposed on the surface of pancreatic MIN6 cells [16] .
194
Detectable presence in the ER likely reflects continual synthesis of ABCG1, which undergoes 195 turnover quite rapidly (see below).
197
In an effort to identify the occasional larger, bright GFP-G1-positive puncta that were 198 mostly distributed peripheral to the perinuclear staining, we examined possible association with 199 autophagosomes using a fluorescently-tagged marker LC3-mRFP. Here, we observed co-200 localization and co-migration with a portion of the puncta (Fig 3A and Supplementary video 1) . marker for cathepsin-active lysosome-related compartments) and saw colocalization and coautolysosomes. Because these puncta are variably present but generally more noticeable in 206 cells expressing higher levels of GFP-G1, we surmise that their presence may be related to 207 overexpression. Thus, they may not be on the main trafficking pathways of ABCG1.
208
Interestingly, live imaging additionally showed that there was a very robust trafficking toward 209 and away from the cell periphery of bright GFP-G1-positive puncta that were mainly smaller We carried out additional studies to evaluate the accumulation of GFP-G1 in the TGN 231 and ERC. First, we subjected cells to incubation at 20 o C prior to fixation and immunostaining for 232 proinsulin and for TfR. This strategy is well known to impose a block to membrane trafficking 233 from the TGN [29, 30] and the ERC [31] . At 2h and 4h incubation at 20 o C, GFP-G1 234 progressively became more highly concentrated in perinuclear puncta that were closely 235 apposed to both proinsulin and TfR. Where GFP-G1 directly overlapped the markers, it 236 remained more diffuse (Fig 3C, D) . Over the same timeframe, the signal at the plasma 237 membrane was substantially depleted (Fig 3C, D) . Together, these features are consistent with 238 the presence of GFP-G1 in both the TGN and ERC but also strong accumulation in trafficking 239 carriers that are hindered in their fusion and/or trafficking along secretory and recycling 240 pathways due to the decreased temperature. Also, we noted, particularly at 4h, that diffuse 241 cytoplasmic staining for proinsulin became more apparent ( Fig 3C) , which is consistent with 242 slowed exit and increased accumulation in the ER at the lower temperature.
243 244 ABCG1 has a short half-life in INS1 cells and is degraded by 245 both ERAD and lysosomes.
247
The accumulation of GFP-G1 staining in multiple cellular compartments, its robust 248 trafficking, and its generally diffuse appearance at these sites suggested that ABCG1 might not 249 have a specific compartmental residence. Rather, since ABCG1 is known to be a short-lived lifetime. Thus, upon exit from the ER and transit through the Golgi, it would pass onward lived in INS1 cells, we used pulse labeling with 35 S-amino acids and tracked the progressive 
284
To complement the kinetic measurements of ABCG1's lifetime, we followed the changes 285 in the amount and localization of GFP-G1 by confocal fluorescence microscopy after treating 286 cells with cycloheximide. To provide intracellular landmarks, we immunostained the specimens 287 with Golgin97 (TGN marker) and TfR (ERC marker). As can be seen in Fig 4C, there are readily 288 detectable changes in the initial distribution of GFP-G1 by 2h and 6h of cycloheximide 289 treatment. Both the diffuse cytoplasmic GFP fluorescence, presumed to be ER, and the 290 fluorescence that is colocalized with Golgin97 disappear by 2h while fluorescence that is 291 colocalized with TfR as well as signal at the plasma membrane remain readily visible ( Fig 4D) .
292
Rapid loss from the ER is consistent with depletion by both ERAD and transport to the Golgi, 293 while depletion from the TGN reflects combined loss of input from ER/Golgi and trafficking along was quantified for multiple cells in multiple fields to enable tracking of progressive loss of be seen, the overall cellular content of fluorescent Tf is significantly higher initially in ABCG1
To compare uptake and subsequent trafficking of probes in control and ABCG1-Our observations that fluorescent Tf accumulation in the ERC at the outset of recycling 379 analysis and early appearance at the cell periphery during uptake analysis were both elevated 380 in ABCG1-deficient cells suggest altered TfR trafficking but also could result from an increased 381 receptor level in the knockdown cells. To investigate this, we examined the total amount of TfR 382 in samples of cell lysate by western blotting. As shown in Fig 5E, In this study, our main mission has been to reevaluate and clarify the localization, closely similar to those of TGN-and ERC-associated marker proteins (Fig 2) , its fluorescence cocktail (Complete Mini, Roche) were homogenized using a ball bearing homogenizer (0.2507those prepared by mixing PNS from GFP-G1 expressing and control cells as described in the prepared in Beckman SW41 tubes and spun overnight to equilibrium (> 18 hr, 32,000 rpm).
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Fractions collected manually were checked for refractive index (to confirm near identity of 
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For transferrin recycling experiments, cells that had been knocked down and starved as 
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Additional Supporting Information. All data for seven turnover experiments for Fig 4B 
